In the absence of antimycin interpretation of the absorbance changes is further complicated by the relaxation kinetics associated with electron flow through the site sensitive to antimycin. Inspection of the time-resolved spectra and the uncompensated traces (not shown) reveals an obvious cytochrome-c change and a less obvious, but discernible, cytochrome-b change. In the compensated spectra [ Fig. 2(d) ; subtraction as for Fig. 2(c) ] the contributions from the cytochrome b are more readily seen, and separate spectra for cytochrome c (developing between 0.12 and 0.6ms, relaxing between 0.6 and 2.2ms) can be resolved over appropriate time domains. Individual traces at 550-540 and 560-570nm (Fig. 26) show the difference kinetics at wavelength pairs commonly used tomeasure the c and b cytochromes. There is some contribution to changes measured at the latter wavelength pair, of fast components from reaction-centre and cytochrome-c changes, but the dominant change is that due to cytochrome b.
the translocation of protons across the membrane with ATP hydrolysis. Most probably the membrane-bound ATPase, which has been shown to be present in all phosphorylating membranes studied so far and which possesses a remarkably similar structure in all systems, performs this essential role (Mitchell, 1975) . If Mitchell's scheme is taken in its minimal version, the phosphorylating ATPase should represent an enzyme complex coupled with the loops of the electron-transfer chain uniquely via the electrochemical proton gradient. Accordingly the ATPase should not interact functionally with any component of the electron-transfer chain, but rather be influenced only by the concentrations of the substrates and by the extent of AFH+ across the membrane. In addition the substrates and other ligands, the electric field or ApH could possibly act as regulatory effectors of the enzyme activity.
In chromatophores of the photosynthetic bacterium Rhodopseudomonas capsulata the extent of the electrochemical potential difference of protons can be evaluated spectroscopically following the electrochromic shift of endogenous carotenoids for measuring A I~ (membrane potential) (Jackson & Crofts, 1969) and following the quenching of fluorescence of the exogenous ApH indicator 9-aminoacridine (Casadio et al., 1974~) . These techniques have been used extensively in our laboratory to study the correlation between the free-energy change in photosynthetic ATP synthesis and the extent of A/&+ in a variety of experimental conditions (Melandri et al., 1974; Casadio et al., 19746, 1975) .
A preliminary study on the relationships between the extent of the protonic electrochemical potential difference and the rate of photophosphorylation in chromatophores of Rhodopseudomonas capsulata is presented in the present paper.
Methods
Methods for growing bacteria and preparation of chromatophores were as previously described (Baccarini Melandri & Melandri, 1971) .
The spectral red shift of carotenoids and the quenching of 9-aminoacridine were monitored as described elsewhere (Casadio et al., 1974a) .
Photophosphorylation was measured at pH 8.5 directly in the spectrophotometer or fluorimeter cuvette, as already reported (Melandri et al., 1974) . Actinic light was provided by a 55 W quartz-halogen bulb filtered through a 88 A Wratten gelatin filter; lightintensity was decreased with neutral-density filters and measured with a Y.S.1 Radiometer, model 65.
Results and discussion
In the experiments described below, the rate of photophosphorylation was measured concurrently with A,&+ : bacterial chromatophores were illuminated in fluorimeter cuvettes in the presence of a complete medium for assaying phosphorylation, but omitting phosphate, and acridine fluorescence or carotenoid shift were monitored in duplicated samples. Since large transients of ApH and A I~ can be observed during the first minutes of illumination, especially on addition of small concentrations of uncouplers, samples were preilluminated as a routine for Smin before starting the reaction by addition of 5mM-["P]P,. After an additional 2min in the light, the reaction was then stopped with 2.5 % (wlv) trichloroacetic acid. Under these conditions, i.e. in the presence of 5m~-Mg'+ and 2 mM-ADP, the phosphorylating enzyme was fully protected from inactivation during preillumination (Melandri et al., 1972) .
In the experiment shown in Fig. 1 , the electrochemical proton gradient was progressively dissipated by adding increasing concentrations of carbonyl cyanide p-trifluoromethoxyphenylhydrazone. As expected, both ApH and A I~ were decreased by this proton uncoupler in parallel with the rate of photophosphorylation. Complete inhibition of photophosphorylation was obtained with 5-lO,u~-carbonyl cyanide p-trifluoromethoxyphenylhydrazone, which diminished the steady state value of A,&+ from about 400mV of the control to approx. 180-150mV. These data are in qualitative agreement with the results of previous studies (Melandri et a) ., 1974), in which, however, the average rate of photophosphorylation in the first IOniin of illumination was compared with the value of A j H + obtained at the end of the experiments. The results shown in Fig. 1 , on the contrary, were obtained by measuring the rate of photophosphorylation for a short period and only during the static head conditions for AjH+, reached during pre-illumination; initiation of ATP synthesis by addition of [32P]Pi, on the other hand, did not affect appreciably the steady-state value of AjiH+. Strictly similar quantitative effects on A&+ and on the rate of ATP synthesis were observed on addition of other uncoupling agents, such as valinomycin and nigericin at different concentration ratios.
By using a similar experimental approach, the effect of limiting electron transport by decreasing the light-intensity was tested. Under these conditions the rate of lightinduced ATP synthesis decreased linearly with light-intensity over more than one order of magnitude, although A j H + was much less influenced : practically no phosphorylation could be observed at an incident light-intensity of 50J.m-2.s-1 (5x 104erg.cm-2.s-1), although the protonmotive force still amounted to about 350mV. Also if electron flow was limited in a different way, i.e. by addition of increasing amounts of antimycin A, a similar effect on photophosphorylation and A j H + was observed.
Thus in uncoupled chromatophores an apparent energy threshold for photophosphorylation can be observed between 130-180mV, a value close to that reported for higher-plant chloroplasts (Pick et al., 1974) ; on the other hand, under conditions of limited electron flow the apparent threshold exceeds 300mV, so that A j H + is muchhigher than that required for ATP synthesis, Qn the brtsis of the cgncentrQtigns Qf substrates used in these assays. These results indicate clearly that the kinetics of photophosphorylation and the size of ApH and Av across the membrane, at least as judged from 9-aminoacridine fluorescence and carotenoid red-shift respectively, do not show a single type of correlation in the uncoupled state as compared with conditions of limited electron flow. These conclusions would hold also if the techniques used, which are still a matter of controversy (Rottenberg, 1975) , would not give a precise, but only a qualitative estimation of the energetic parameters of the membrane. If the methods used in this study are indeed measuring an electrochemical potential difference of the protons in equilibrium in the two bulk aqueous phases at the inner and outer sides of the membrane, the experimental results presented here represent a serious deviation from the prediction of the chemiosmotic-coupling hypothesis in its minimal version. In fact, although also in bacterial chromatophores strong evidence is available that proton gradients can drive ATP synthesis (Leiser & Gromet-Elhanan, 1974 ) our data would suggest that a more direct interaction between photosynthetic units and ATP synthetase could operate. This interaction could involve either a more localized energy transfer between redox reactions and ATP synthetase [e.g. via localized proton gradients, see Williams (1969) [203] [204] [205] [206] [207] 
